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ABSTRACT
Emission of the neutron star surface potentially contains information about its size
and thus of vital importance for high energy astrophysics. In spite of the wealth of data
on the emission of luminous accreting neutron stars, the emission of their surfaces is
hard to disentangle from their time averaged spectra. A recent X-ray transient source
XTE J1701−462 has provided a unique dataset covering the largest ever observed lu-
minosity range for a single source and showing type I (thermonuclear) X-ray bursts. In
this paper, we extract the spectrum of the neutron star surface (more specifically, the
spectrum of the boundary layer between the inner part of the accretion disc and the
neutron star surface) with the help of maximally spectral model-independent method.
We show compelling evidences that the energy spectrum of the boundary layer stays
virtually the same over factor of 20 variations of the source luminosity. It is rather
wide and cannot be described by a single temperature blackbody spectrum, probably
because of the inhomogeneity of the boundary layer and a spread in the colour temper-
ature. The observed maximum colour temperature of the boundary/spreading layer
emission of kT ≈2.4–2.6 keV is very close to the maximum observed colour temper-
ature in the photospheric radius expansion X-ray bursts, which is set by the limiting
Eddington flux at the neutron star surface. The observed stability of the boundary
layer spectrum and its maximum colour temperature strongly supports theoretical
models of the boundary/spreading layers on surfaces of luminous accreting neutron
stars, which assume the presence of a region emitting at the local Eddington limit.
Variations in the luminosity in that case lead to changes in the size of this region,
but affect less the spectral shape. Elaboration of this model will provide solid theo-
retical grounds for measurements of the neutron star sizes using the emission of the
boundary/spreading layers of luminous accreting neutron stars.
Key words: accretion, accretion discs – stars: neutron – X-rays: binaries – X-rays:
stars
1 INTRODUCTION
Compact objects in binary systems accreting matter from
their binary components reveal themselves as bright X-ray
emitters. Matter gradually moves closer to the central com-
pact object and is heated to tens of millions degrees. The
emergent X-ray radiation potentially contains information
about the compact object and about the behaviour of mat-
ter in strong gravitational and magnetic fields. Thus, it is
? E-mail: revnivtsev@iki.rssi.ru
necessary to improve our knowledge about formation of the
X-ray emission in such accreting sources before we are able
to extract parameters of compact objects such as their radii
and masses. In this paper, we concentrate on emission of
binaries which harbour neutron stars (NSs) as compact ob-
jects.
The majority of known bright X-ray sources in our
Galaxy are NS binaries. Their X-ray emission was discovered
at the dawn of X-ray astronomy. Already first observations
of the brightest NS binaries have shown that their emission is
likely thermal (Chodil et al. 1968; Toor et al. 1970). Numer-
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ous observations of a set of NS binaries in our Galaxy have
shown that the whole variety of their energy spectra can be
broadly separated into two main classes, with the spectral
cutoff at energies below 6–10 keV and around 50–100 keV,
which are called soft and hard spectral states, respectively
(here we consider only active sources, which have luminosi-
ties Lx > 10
35 erg s−1). Accreting NSs typically demonstrate
soft spectra if their luminosities are above ∼ 1036 erg s−1
and hard spectra if their luminosities are lower than that.
Simple physical arguments indicate that the soft state spec-
tra form in the optically thick, while the hard state spectra
in the optically thin media (see e.g. Barret et al. 2000).
Accreting low-magnetic field NSs should generate X-ray
radiation in at least two geometrically distinct regions: in the
accretion disc (similarly to the case of accreting black holes)
and in the boundary/spreading layer (BL/SL) between the
accretion disc, whose inner parts rotate around the NS with
very high velocity, and the NS surface. The energy release in
these parts of the flow is comparable (Syunyaev & Shakura
1986; Sibgatullin & Sunyaev 2000). In the optically thick
regime, the effective temperatures Teff of these two regions
should be approximately 1–2.5 keV. The observed colour
temperatures are increased by the hardness (colour correc-
tion) factor fc (London, Taam, & Howard 1986; Lapidus,
Syunyaev, & Titarchuk 1986; Shimura & Takahara 1995)
and decreased by the gravitational redshift z at the NS sur-
face Tc = fcTeff/(1 + z). The contribution of the neutron
star surface not covered by the BL/SL is small. The usual
temperatures of NSs in low mass X-ray binaries in quiescent
states are about 0.1–0.3 keV (see e.g. Wijnands & Dege-
naar 2013). In the active state, the temperature might be
higher, but the large extent and the high temperature of
the accretion disc and the BL/SL make them dominating
the luminosity of the NSs, certainly in the high energy band
3–20 keV.
From the observational point of view, spectra of NSs
in their soft state are smooth and cannot be easily unam-
biguously decomposed into these anticipated components.
Virtually regardless of the statistical quality and the energy
resolution of the data, a variety of spectral models can be fit-
ted to the spectra with the comparable fit quality. This makes
the approach based only on a χ2 fitting technique not persua-
sive. This ambiguity led to the completely different interpre-
tations of the soft state spectra (Mitsuda et al. 1984; White,
Stella, & Parmar 1988; Di Salvo et al. 2002). To justify this
statement we show an example of such completely different
spectral decomposition with the equally good χ2 (see Fig. 1
and further discussion in Sect. 3).
Completely different approach to the problem of spec-
tral decomposition was proposed by Mitsuda et al. (1984)
and elaborated in works of Gilfanov, Revnivtsev, & Molkov
(2003) and Revnivtsev & Gilfanov (2006). It was shown
that secure decomposition of the NS spectra can be done
with the help of model-independent analysis of their timing
variability. They demonstrated that flux variations at the
time scales smaller than ∼1 s are primarily caused by varia-
tions of the BL flux only. Its spectral shape remains nearly
constant, while the normalization varies. At the same time
scales, the accretion disc flux and its spectral shape remain
virtually constant (similarly to the behaviour of accretion
discs around black holes, see e.g. Churazov et al. 2001) thus
Figure 1. Example of decomposition of a typical spectrum of
the NS binary in the soft state into the accretion disc and the
BL components. In two cases we assumed two different shapes
of the BL emission component. In the first case (shown by blue
curves), we took the BL component as a single temperature black
body with kTbb = 2.6 keV. In the second case (shown by black
curves), the BL component was approximated by a sum of two
black bodies with temperatures of 1.6 and 3.1 keV. The dashed
curves show the assumed contribution of the BL, and the dotted
curves are the contribution of the accretion disc (model diskbb)
with the inner disc temperature kTin = 1.9 and 0.7 keV, for the
two cases, respectively. It can be seen than in spite of quite similar
quality of fits (data/model ratios are within ∼2%), the resulting
spectral decomposition is drastically different.
providing us with a possibility to make model-independent
spectral decomposition.
One of the main results obtained with this technique
(Gilfanov et al. 2003; Revnivtsev & Gilfanov 2006) is that
the spectrum of the BL changes very little while its luminos-
ity varies by more than an order of magnitude. This is an
important property, which was previously predicted for the
BL/SL at the surface of high luminosity NSs by Inogamov
& Sunyaev (1999). They showed that the matter which is
continuously coming from the accretion disc can decelerate
and settle to the NS surface only via a layer spreading over
some part of the surface. The larger the mass accretion rate,
the larger the part of the NS surface occupied by the SL.
It was also shown that the maximum radiation flux is al-
ways close to the local Eddington flux in a wide range of
the luminosities. Optically thick regime of the layer emis-
sion means that its spectral shape should be close to that
of a diluted blackbody with the maximal colour tempera-
ture mainly governed by the NS gravity. Variation of the
total mass accretion rate in the SL affects only its latitude
extent, but not the maximal colour temperature, as it is
set by the local Eddington flux (Inogamov & Sunyaev 1999;
Suleimanov & Poutanen 2006). First attempts to use this
property to make estimates of the NS radii were done by
Revnivtsev & Gilfanov (2006) and Suleimanov & Poutanen
(2006).
A rising pile of the observational data on NS emission
c© 2013 RAS, MNRAS 000, 1–7
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Figure 2. The colour – bolometric flux diagram for the transient
XTE J1701−462 calculated over time periods when the source
was in its soft spectral states. Each point corresponds to 512 s
of the integration time. The source fluxes in all bands were com-
puted in physical units taking into account all possible long term
variations in the energy response of the instrument. The dotted
vertical line denotes the flux of the source at the photospheric
radius expansion phase during its thermonuclear (type I) X-ray
burst.
and especially the outburst of a unique transient source XTE
J1701−462, which demonstrated all types of spectral vari-
ability patterns previously observed only in different objects,
have triggered new attempts to obtain spectral decompo-
sition of the NS spectra based only on the quality of the
spectral fits (Lin, Remillard, & Homan 2007, 2009a; Ding
et al. 2011). By fitting the multicomponent models to the
data, these authors obtained that the temperature of the
blackbody component, which they ascribe to the NS sur-
face, strongly varies with the source luminosity.
In the present paper, we study the emission of the
BL/SL of the NS in the X-ray transient XTE J1701−462
and show that it has nearly constant spectral shape when
the source luminosity was above Lx ∼ 1037 erg s−1. These
findings strongly support the physical model of the SL of
Inogamov & Sunyaev (1999).
2 USED DATASETS
In this paper, we use numerous observations of the Rossi
X-ray Timing Explorer (RXTE) observatory (Bradt, Roth-
schild, & Swank 1993) of the transient XTE J1701−462,
performed in the period from 2006 Jan 19 (MJD 53754.78)
till 2007 July 30 (MJD 54311.21). All data were analysed
with the help of standard tasks of heasoft version 6.8. The
instrumental background of the Proportional Counter Ar-
ray (PCA) spectrometer aboard of the RXTE was estimated
using the model cmbright, developed by Craig Markwardt
(Jahoda et al. 2006).
Spectral modelling was performed with the help of
xspec package (Arnaud 1996). All spectral models were
multiplied by a model of interstellar absorption wabs with
the hydrogen column density NH = 2 × 1022 cm−2 (Lin
et al. 2009a; Fridriksson et al. 2010). During the outburst
the source flux varies by a factor of more than 100. In this
paper we study only observations, in which the source was
in the soft spectral state (MJD 53754.78-54311.21). During
these observations, the source showed variations by a factor
of ∼40 and significant changes in the spectral hardness. The
colour–intensity diagram is shown in Fig. 2.
3 SPECTRAL DECOMPOSITION
DIFFICULTIES
The spectral shape of the optically thick accretion disc (see
e.g. Shakura & Sunyaev 1973) in an X-ray source has been
recognised quite long time ago (see e.g. Shapiro, Lightman,
& Eardley 1976, based on observational data of Tananbaum
et al. 1972), and since then this spectral component has been
extensively studied by different authors with the help of dif-
ferent datasets (see e.g. Done, Gierlin´ski, & Kubota 2007,
for a review). The black hole accretion discs are simpler in
some respect, because luminous black holes typically have
only one optically thick region, whose emission can be rela-
tively unambiguously identified in their broad-band spectra.
The case of luminous NSs is more complicated. While
the shape of the optically thick accretion discs around NS
might be somehow scaled from those around black holes
(however some differences should exist due to the different
boundary conditions at the inner boundary of the disc in
the two cases), the spectrum of the optically thick BL can
be nontrivial.
Typically it is assumed that the BL/SL emits as a black
body with the single temperature (Mitsuda et al. 1984; Lin
et al. 2007, 2009a; Ding et al. 2011; Church et al. 2012). How-
ever, what is very important is that the assumed shape of the
BL spectrum has a major consequence for the resulting spec-
tral decomposition. As an example of such ambiguousness,
we present two types of decomposition of the spectrum of the
X-ray transient XTE J1701−462 in its soft, so called “atoll”
state using two different assumptions about the shape of
the BL spectrum (see Fig. 1). In one case, we assumed that
the BL spectrum can be approximated by a perfect single-
temperature black body (kTbb ∼ 2.6 keV), while in another
case the BL spectrum is approximated by a sum of two black
bodies with temperatures of 1.6 and 3.1 keV. In both cases,
we adopted a simplest multicolour blackbody approximation
(diskbb model in xspec package) for the spectrum of the ac-
cretion disc. It is clearly seen that resulting decompositions
are drastically different. In these two cases the temperature
of the multicolour disc component differs by a factor of more
than 2 and the contribution of the accretion disc to the to-
tal luminosity differs by almost an order of magnitude (the
fainter disc component has a smaller inner temperature Tin).
Statistically, both decompositions have good quality, which
is essentially limited by systematic uncertainties of the in-
strument response calibration. The reduced χ2ν is 1.02 for the
first case (kTbb = 2.6 keV, kTin = 1.9 keV) and 0.45 for the
second case (kTbb = 1.6 and 3.1 keV, kTin = 0.7 keV). Here
are adopted 2% systematical uncertainties in flux measure-
c© 2013 RAS, MNRAS 000, 1–7
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ments in all energy channels and added them quadratically
to pure statistical uncertainties, provided by Poisson noise
in these energy channels.
There are no physical arguments why emission of the
BL should have the shape of a perfect single tempera-
ture black body. Deviations from pure blackbody or some
non-uniformity of blackbody colour temperatures of the
BL emission cannot be excluded. Thus, we should con-
clude that model-dependent spectral decompositions are in-
evitably ambiguous. Application of additional “desirability”
criteria to the model dependent decomposition force the
spectral model fitting results behave the way, externally in-
troduced by a researcher, and therefore cannot be consid-
ered as a robust solution of this problem. Maximally possible
model-independent methods should be employed.
4 SPECTRUM OF THE BL/SL
4.1 Frequency resolved energy spectra
If one spectral component varies at some time scale (Fourier
frequency) much more than another and its spectral shape
does not vary with flux, then we can use these properties
to make model-independent spectral decomposition. Appli-
cability of this method to the case of luminous NSs was
demonstrated by Mitsuda et al. (1984), Gilfanov et al. (2003)
and Revnivtsev & Gilfanov (2006). They showed that the
BL/SL component varies at high frequencies much more
than the accretion disc (note that emission of the accretion
disc around black holes is also the least variable part of their
spectra, see Churazov et al. 2001). Let us look at the Fourier
frequency resolved energy spectra of XTE J1701−462 (see
details of this techniques in e.g. Revnivtsev, Gilfanov, &
Churazov 1999).
The source XTE J1701−462 has demonstrated a variety
of spectral and timing behaviour. In the soft spectral state,
the strongest variability was observed during the so called
“horizontal” branch of the colour-intensity diagram (Homan
et al. 2007). Therefore, we have analysed the data collected
during this period, more specifically, during the period MJD
53754.77–53778.93.
The resulting Fourier frequency resolved spectra are
shown in Fig. 3. It is clearly seen that similarly to the case
of GX 340+0, considered in details by Gilfanov et al. (2003),
all frequency resolved spectra at Fourier frequencies above
1 Hz have the same spectral shape. Moreover, this spectral
shape is almost identical to those of the Fourier frequency
resolved energy spectra of all sources analysed in Gilfanov
et al. (2003) and Revnivtsev & Gilfanov (2006) and inter-
preted as spectra of the BL/SL on the NS surface.
This spectrum can be adequately described by a simple
analytical formula (see Fig. 3)
dN
dE
∝ E−Γ exp(−E/Ec), (1)
with the photon index Γ ≈0.0–0.1 and the cutoff energy of
Ec ≈3.5–3.8 keV. The best-fitting spectral parameters in
all frequency intervals are within these ranges with the er-
rors approximately equal to half of the interval width. A
more physically motivated spectral approximation of the
frequency resolved spectra by a simple model of saturated
Comptonization (comptt model in xspec package) gives
Figure 3. Top: The power spectrum of the source flux variabil-
ity, collected over period MJD 53754.77–53778.93, which covered
the so-called horizontal branch on the colour-intensity diagram.
The horizontal green bars show the frequency intervals, for which
we show frequency resolved spectra at the bottom panel. Bot-
tom: The examples of the frequency resolved energy spectra of
XTE J1701−462 at different Fourier frequencies. At frequencies
above ∼ 1 Hz, the frequency resolved energy spectra have the
same spectral shape given by equation (1).
the temperature of the seed photons kTs ∼ 0.8 − 1 keV,
temperature of Comptonizing electrons kTe ∼ 2.8− 3.0 keV
and their optical depth τ ∼ 7 − 8. These values are similar
to those obtained for other luminous NS binaries in their
soft state (Revnivtsev & Gilfanov 2006).
The resulting decomposition of the energy spectra
of XTE J1701−462 at different locations of the colour–
intensity diagram, denoted as ”1”, ”2” and ”HB” and shown
in Fig. 2, into the accretion disc and the BL/SL components
is shown in Fig. 4. It can be seen that the quality of this sim-
c© 2013 RAS, MNRAS 000, 1–7
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Figure 4. Three typical spectra of XTE J1701−462 at different
parts of its colour-intensity diagram along with their best-fitting
models. The spectra are labelled with numbers corresponding to
the positions shown in Fig. 2. The model consists of the mul-
ticolour blackbody component (diskbb), the BL/SL model and
a Gaussian line at 6.4 keV. The dashed curves show the shape
of the BL/SL component (the same shape for all three spectra)
taken from the fit to the Fourier frequency resolved spectra (see
Fig. 3). Other components are not shown for clarity.
ple fit is reasonable (χ2 ∼ 38−40 for 40 dof) and the BL/SL
component dominates at energies above 10–15 keV.
4.2 Is this the Eddington-limited emission?
The key feature of the SL at the NS surface is the impor-
tance of the balance between the gravity and the sum of
the centrifugal and radiation pressure forces (Inogamov &
Sunyaev 1999). The contributions of the centrifugal and ra-
diation pressure forces change over the SL latitude, from
the centrifugally-supported region at the NS equator to the
radiation-pressure-supported region at the highest SL lati-
tude. In the optically thick regime, it means that the max-
imum effective temperature and, therefore, the maximum
colour temperature of the emission is set mainly by the
gravity at the NS surface (Goldman 1979; Marshall 1982;
Revnivtsev & Gilfanov 2006). If the effective temperature
of the emission exceeds the corresponding Eddington value
(set by the gravity), the surface layers should be blown away
by the radiation pressure force.
This is exactly what is observed in some powerful ther-
monuclear (type I) X-ray bursts, when at high luminosity
level the radius of the NS photosphere starts to expand. It
means that the colour temperatures of the NS photosphere
at the beginning of the photospheric radius expansion (PRE)
phase should be close to that of the radiation-pressure dom-
inated BL/SL. The case of XTE J1701−461 provides us a
possibility to check this, because this source demonstrated
the type I bursts (Lin et al. 2009b).
In Fig. 5, we present three spectra: the spectrum of the
Figure 5. The spectrum of XTE J1701−462 just before the PRE
phase during the X-ray burst (blue crosses), the spectrum of the
source after the touchdown (red crosses) and the Fourier fre-
quency resolved energy spectrum of the source (black crosses).
The solid curves show the shapes of the blackbody spectra with
temperatures kTbb = 2.37 (blue) and 2.63 keV (red). The lower
pair of curves are the same curves as above, scaled down to match
the level of the frequency resolved spectrum at energies 12–20
keV.
source just before the start of the PRE phase of the X-ray
bursts observed on 2007 July 20 (see Lin et al. 2009b, for
the detailed analysis of the bursts), the spectrum after the
photosphere has settled down to the NS surface and the
Fourier frequency resolved spectrum at horizontal branch of
the Z-diagram of XTE J1701−462, which is essentially the
spectrum of the SL. We see that the colour temperature of
the burst spectra are similar to the maximal colour tem-
perature of the SL spectrum. This, therefore, supports our
conclusion that the maximal colour temperature of the SL
is set mainly by the NS gravity. The spectrum of the SL
is wider, likely due to some distribution of effective tem-
peratures over the SL surface. This might be caused by a
variation of the role of the centrifugal force over the NS lat-
itude that causes changes in the vertical structure of the SL
(see Inogamov & Sunyaev 1999).
4.3 Does SL spectrum vary with luminosity?
One of the very distinct feature of the colour-intensity dia-
gram of XTE J1701−462 (see Fig. 2) is the maximum level
of the hard colour during its soft state (i.e. with fluxes above
∼ 10−9 erg s−1 cm−2). The scatter plot created by behaviour
of the source in its Z-state (more specifically, on the flaring
branch of the Sco-like Z-state, see Lin et al. 2009a; Homan
et al. 2010 for details of the classification) shows “flaring”
tracks, which end up at the level of hardness ≈ 0.95− 1.05.
This hardness very closely corresponds to the hardness of
the BL/SL spectrum, as determined from the Fourier fre-
quency resolved spectra. A more detailed comparison of the
Fourier frequency resolved spectrum and the hardest energy
c© 2013 RAS, MNRAS 000, 1–7
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Figure 6. Three energy spectra of XTE J1701−462. The two top
spectra have been collected at the upper parts of the “flaring”
branch at the colour-intensity diagram of the source, where the
hard colour has the value above 0.95 (numbers denote the location
of source at the colour-intensity diagram on Fig. 2). The lowest
spectrum is the spectrum at Fourier frequencies 6–14 Hz and
represents the spectrum of the BL/SL.
spectra at the top of the flaring branch shows that during
these moments the BL/SL is the dominant contributor to
the total emission of the source.
In order to demonstrate this fact, we present three spec-
tra at Fig. 6. The top two spectra have been collected at
the top parts of tracks on the colour-intensity diagram,
which have hard colour above 0.96, but have very different
fluxes. The upper spectrum has the absorption corrected
flux Fx ∼ 2.1 × 10−8 erg s−1 cm−2 (position is denoted
as ”1” on Fig. 2) and the lower one – Fx ∼ 5.2 × 10−9
erg s−1 cm−2 (position is denoted as ”3” on Fig. 2). The
lowest spectrum is the Fourier frequency resolved spectrum
taken at 6–14 Hz. It is clear that the spectra have similar
(though not completely identical) spectral shapes and could
be adequately described within the energy range 3-20 keV
by either a power law model with the exponential cutoff
dN/dE ∝ E−0.05 exp(−E/3.8 keV), or by a model of sat-
urated Comptonization comptt (with temperature of the
seed photons kTs = 0.73 keV, temperature of the Comp-
tonizing electrons kTe = 2.69 keV and their optical depth
τ = 7.64). The curve shows the comptt spectral model
scaled to match the different levels of the spectra (the qual-
ity of the fits by the analytical model of a power law with
the exponential cutoff is similar). Similarity of these spectra
allows us to conclude that at the top parts of the flaring
tracks we see only emission of the SL.
At fainter fluxes (e.g. at position denoted as ”4” on
Fig. 2), the source does not demonstrate the flaring be-
haviour anymore and therefore we cannot study the BL/SL
emission in its “clear” state. However, as the BL/SL emis-
sion still dominates at high energies, we can look at the
spectral shape there. In Fig. 7, we show that the colour
Figure 7. The energy spectra of XTE J1701−462 collected at
different time periods. The top spectrum is the same as in Fig. 6,
the lower one is collected during the faintest sources fluxes, at
which the source is still in its soft state (fluxes around 10−9 erg
s−1 cm−2). The spectra are labeled by the numbers correspond-
ing to the location of the source at the colour–intensity diagram
as shown in Fig. 2. The dashed curves show the contribution of
the BL/SL component and the dotted curve is the accretion disc
component.
temperature of the emission measured in the energy band
12–20 keV is perfectly compatible with that of the BL/SL at
all larger fluxes. The excess clearly visible at energies below
10–12 keV can be attributed to the emission of the accretion
disc.
There are two important conclusions from these spectral
models:
• At the top part of the flaring branch (with the largest
hard colour), the BL/SL is virtually the only contributor
to the total emission. The accretion disc component gives a
negligible contribution to the observed spectrum.
• The BL/SL spectrum does not change its spectral shape
over at least a factor of 20 variations in its flux. The “Wien
tail” colour temperature of the SL emission stays constant
at the level of 2.4–2.6 keV.
5 SUMMARY
We have analysed a complete dataset of observations of a
unique NS transient XTE J1701−462, which has demon-
strated for the first time a large variety of patterns of
spectral-timing behaviour. A large span of the source lumi-
nosities has allowed us to check the stability of the BL/SL
spectrum. Our main results can be summarised as follows:
(i) The decomposition of the energy spectra of XTE
J1701−462 into constituent components cannot be unam-
biguously done with the help of the spectral fitting only.
The assumptions about the spectral shape of the compo-
nents play a crucial role in the resulting decomposition.
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(ii) We have demonstrated that the Fourier frequency
resolved energy spectra of the source taken at frequencies
above 1 Hz is adequately represented by one spectral com-
ponent. We have argued that this spectral component origi-
nates from the BL/SL on the NS surface. The shape of this
component is very similar to those extracted for a set of
other sources, such as GX 340+0, 4U 1608−52, GX 17+2,
Cyg X-2 and 4U 1820−30 (Revnivtsev & Gilfanov 2006).
(iii) We have demonstrated that the maximum colour
temperature of the BL/SL spectrum does not vary over a
factor of more than 20 variation of its flux. These findings
strongly support the theoretical model of the BL/SL of In-
ogamov & Sunyaev (1999), which states that the maximum
colour temperature of the BL/SL is set by NS gravity. Elab-
oration of this model will provide solid ground for accurate
measurements of the NS masses and radii from X-ray obser-
vations.
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